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APPENDI X O
HUMAN FACTORS ANALYSI S AND CLASSI FI CATI ON SYSTEM ( HFACS)
A. | nt roducti on

Human error continues to plague both mlitary and
civilian aviation. Yet, sinmply witing off aviation m shaps
to "pilot error” is a sinplistic, if not naive, approach to
m shap causation. Further, it is well established that
m shaps are rarely attributed to a single cause, or in nost
I nstances, even a single individual. Rather, m shaps are the
end result of a nyriad of latent failures or conditions that
precede active failures. The goal of a m shap investigation
is to identify these failures and conditions in order to
under stand why the m shap occurred and how it m ght be
prevented from happening again in the future.

As described by Reason (1990), active failures are the
actions or inactions of operators that are believed to cause
the mshap. Traditionally referred to as "pilot error", they
are the last "unsafe acts" commtted by aircrew, often with
i mmedi ate and tragi c consequences. For exanple, an aviator
forgetting to | ower the | andi ng gear before touch down or
flat-hatting through a box canyon will yield relatively
I mmedi ate, and potentially grave, consequences.

In contrast, latent failures or conditions are errors
that exist wthin the squadron or el sewhere in the supervisory
chain of command that effect the tragi c sequence of events
characteristic of a mshap. For exanple, it is not difficult
to understand how tasking crews at the expense of quality crew
rest, can lead to fatigue and ultimately errors (active
failures) in the cockpit. Viewed fromthis perspective then
the unsafe acts of aircrew are the end result of a chain of
causes whose roots originate in other parts (often the upper
echel ons) of the organization. The problemis that these
| atent failures or conditions may |ie dormant or undetected
for hours, days, weeks, or longer until one day they bite the
unsuspecting aircrew.

The question for mishap investigators and anal ysts ali ke,
is howto identify and nmtigate these active and | atent
failures or conditions. One approach is the "Dom no Theory"
whi ch pronotes the idea that, |ike dom noes stacked in
sequence, nmishaps are the end result of a series of errors
made t hroughout the chain of command. A "nodernized" version
of the domno theory is Reason's "Swi ss Cheese" nodel that
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describes the levels at which active failures and | atent
failures/conditions may occur within conplex flight operations
(see Figure 1).

Wor ki ng backward fromthe m shap, the first |evel of
Reason's nodel depicts those Unsafe Acts of Operators
(aircrew, maintainers, facility personnel, etc.) that
ultimitely lead to a mshap. Traditionally, this is where
nost m shap investigations have focused their exam nation of
human error and consequently, where nost causal factors are

uncovered. After all, it is typically the actions or
I nactions of individuals that can be directly linked to the
m shap. Still, to stop the investigation here only uncovers

part of the story.

Organizational L atent FailuresConditions
Influences

C\ Unsafe
Supervison

Latent FailuresConditions

for
Unsafe Acts

0o\

Active Failures

Failed or
Absent Defenses

Mishap

Figure 1. The "Swi ss Cheese" Mdel (adapted from Reason, 1990).
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What makes Reason's nodel particularly useful in mshap
i nvestigation, is that it forces investigators to address
| atent failures and conditions within the causal sequence of
events. For instance, latent failures or conditions such as
fatigue, conplacency, illness, and the | oss of situational
awar eness all effect performance but can be overl ooked by
I nvestigators with even the best of intentions. These
particular latent failures and conditions are described wthin
t he context of Reason's nodel as Preconditions for Unsafe
Acts. Likew se, Unsafe Supervision can pronote unsafe
conditions of operators and ultimtely unsafe acts will occur.
For exanple, if an Operations Oficer were to pair a bel ow
average Naval Aviator with a very junior Naval Flight Oficer,
the result is often predictable and sonetinmes tragic.
Regar dl ess, whenever a m shap does occur, the crew naturally
bears a part of the responsibility and accountability.
However, often the latent failures or conditions at the
supervisory level were equally responsible for causing the
m shap. In this particular exanple, the aircrew was set-up
for failure.

Reason's nodel does not stop at supervision; it also
consi ders O gani zati onal |nfluences that can inpact
performance at all levels. For instance, in times of fiscal
constraints, funding may be short, and consequently training
flights imted. Supervisors are pressed to task "non-
proficient” aviators with, at tines, conplex mssions. Not
surprisingly, episodes of task saturation and | oss of
situational awareness may appear and consequently perfornmance
in the cockpit will suffer. As such, causal factors at al

| evel s nust be addressed if any m shap investigation process
is going to be effective.

IIEHHHHII ‘IHHE%HHHH
i |

Decision I Per ceptual I Routine Examﬁonml

Figure 2. Categories of Unsafe Acts of Operators.
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The investigation process then endeavors to detect and
identify the "holes in the cheese" (see Figure 1). So how do
we identify the holes in the Swiss Cheese? Aren't they really
too nunerous to define? After all, every m shap is unique, so
the holes will always be different for each mshap ... right?
Well, it turns out that each mshap is not unique fromits
predecessors. In fact, nost m shaps have very sim|lar causes.
They are due to the sanme holes in the cheese, so to speak.
Therefore, if you know what these systemfailures or "hol es"
are, you can better identify their roles in m shaps -- or
better yet, detect their presence and correct them before a
m shap occurs.

B. Human Factors Analysis and O assification System

Drawi ng upon Reason's (1990) concept of active failures and
| atent failures/conditions, a basic taxonony was devel oped to
identify the "holes" called the Human Factors Anal ysis and
Classification System (HFACS). HFACS describes four |evels of
failures/conditions: 1) Unsafe Acts, 2) Preconditions for
Unsafe Acts, 3) Unsafe Supervision, and 4) O ganizational
I nfluences. A brief description of the nmajor conponents and
causal categories follows, beginning with the | evel nost
closely tied to the m shap, unsafe acts.

1. Unsafe Acts

The Unsafe Acts committed by aircrew generally take on
two forns, Errors and Violations (see Figure 2). The first,
Errors, are not surprising given the fact that human bei ngs by
their very nature nmake errors. Consequently, aircrew errors
are seen in nost mshaps, often as the final event before a
m shap occurs. Violations, on the other hand, are |ess
frequent and represent a willful disregard for the rules. Not
all Unsafe Acts (both Errors and Viol ations) are alike.
Consequently the Unsafe Acts aircrew conmt can be classified
anong three basic types of Errors (Skill-based, Decision, &
Perceptual) and two forns of Violations (Routine &
Exceptional). Using this sinple classification schene, the
I nvestigator nust first determne if an operator commtted an
Unsafe Act (active failure). |If so, the investigator mnust
then decide if an error occurred or a rule was willfully
violated. Once this is done, the investigator can further
define the causal factor as a specific type of Error or
Vi ol ati on.

o4
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a. Basic Error Forns

(1) Skill-based Errors. Skill-based behavior is best
descri bed as those "stick-and-rudder” or other basic flight
skills that occur w thout significant conscious thought. As a

result, skill-based actions are particularly vulnerable to
failures of attention and/or nenory. In fact, attention
failures have been linked to many Skill-based Errors such as

t he breakdown in visual scan patterns, task fixation

I nadvertent control activation, and m sordering procedural
steps, anong others. For exanple, consider a pilot so intent
on putting bonbs on target that he disregards his low altitude
warning only to collide with the ground. Putting a switch
into the wong node or m ssing a runway change because of a
distraction are exanples of attention failures that occur
during highly automati zed behavi or.

In contrast to attention failures, nenory failures often
appear as omtted checklist itens, |osing place, or forgotten
intentions. For exanple, it is not difficult to inmagine that
I n energency situations under stress, steps in bol dface
energency procedures or radio calls could be m ssed. Even
when not particularly stressed, individuals forget to set the
fl aps on approach or |ower the | anding gear.

Skill -based Errors can happen even when no apparent
attention of nenory failure is present. The individual flying
skill/techni ques of Naval Aviators differ fromone pilot to
next and can range fromindividuals that fly effortlessly to
those who don't fly so effortlessly. It is the Skill -based
Errors of the latter that often leads to a m shap. The bottom
line is that Skill-based Errors are unintended behavi ors.

That is, individuals typically do not choose to limt their
scan patterns, forget a bol df ace procedure, or fly poorly --
it just happens (see Table 1).

(2) Decision Errors. Intentional behaviors that prove
to be inappropriate or inadequate for the situation are
Decision Errors. Oten referred to as "honest m stakes",
these Unsafe Acts represent the actions or inactions of
I ndi vi dual s whose intentions were good, but they either did
not have the appropriate know edge or just sinply chose
poorly.

Decision Errors cone in many fornms, and occur for a
vari ety of reasons, but they typically represent poor
deci si on- maki ng, inproper procedural execution, or the msuse

OG5
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Table 1. Select Exanples of Unsafe Acts of Operators
ERRORS VI OLATI ONS
Skill -based Errors Rout i ne
Breakdown i n Visual Scan Failed to Adhere to Brief
Del ayed Response Vi ol ati on of NATOPS/ Regul ati ons/ SOP
Failed to Prioritize Attention - Failed to use RADALT
Fail ed to Recognize Extren s - Fl ew an unaut hori zed approach
| mproper | nstrunment Cross-Check - Failed to execute appropriate
| nadvertent use of Flight rendezvous
Controls - Violated training rul es
Onitted Step in Procedure - Failed to adhere to departure
Oritted Checklist Item procedures
- Flew overaggressi ve maneuver
Deci sion Errors - Failed to properly prepare for flight
| mpr oper Takeof f
| mpr oper Approach/ Landi ng Excepti ona
| nproper Procedure Bri ef ed Unaut hori zed Fli ght
W ong Response to Energency Not Current/Qualified for M ssion
Exceeded Ability Intentionally Exceeded the Linmts of the
| nappropri ate Maneuver Aircraft
Vi ol ati on of NATOPS/ Regul ati ons/ SOP
Perceptual Errors - Continued lowaltitude flight in VMC
M sj udged - Failed to ensure conpliance with rules
Di stance/ Al titude/ Ai rspeed - Unauthorized | owaltitude canyon
Spatial Disorientation runni ng
Vi sual |11 usion - Not current for mnission
- Flathatting on takeoff
- Briefed and fl ew an unauthori zed
maneuver

or msinterpretation of relevant information. The bottomline
is that the individual nade a conscious choice and elected to
do what was done in the cockpit -- unfortunately, in the case
of a mshap, it did not work (see Table 1).

(3) Perceptual Errors. Not surprisingly, when your
perception of the world is different than reality, errors can,
and often do, occur. Typically, Perceptual Errors occur when

sensory inputs are degraded or 'unusual,' as is the case when
visual illusions or spatial disorientation occur. Visual
I 1l usions can occur when the brain tries to 'fill in the gaps'
in a visually inpoverished environnment, |ike that seen at

ni ght or in degraded weat her. Likew se, spati al

di sorientation can occur when the vesti bul ar system cannot
properly resolve orientation in space and therefore makes a
"best guess" -- typically when visual horizon cues are absent
at night or in poor weather. |In either event, the individual
iIs left to act on faulty information |leading to error, and
often a mshap. Likewise, it is often quite difficult to

j udge precise distance and cl osure between aircraft and the
ground when relative cues like clouds or terrain features are

o6
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PRECONDITION
FOR
UNSAFE ACTS

Substandard
Conditions of

Substandard
Practices of
Operators

Operators

Adverse Physical/ Crew Resource Per sonal
Physiological Mental M anagement Readiness
States Limitations

Figure 3. Categories of Preconditions for Unsafe Acts

absent. Consequently, alrcrew are left 10 make control 1|nputs
based on m sperceived or absent information. Tragically, such
errors often lead to mdair collisions or controlled flight
into terrain (see Table 1).

b. Violations

(1) Routine. 1In general, Violations are the willful
departure fromauthority that sinply cannot be tol erated.
Infractions tend to be routine/ habitual by nature,
constituting a part of the individual's behavioral repertoire.
For exanpl e, consider an aviator that does not wear flight
gl oves or an oxygen mask on take-off. \While certainly against
t he NATOPS, many avi ators continue not to conply.

Consequently, these individuals '"routinely' violate this
requirenment. Comonly referred to as rule "bending", these
Routine Violations are in effect tolerated by supervisory
authority. |If however, the chain of command started enforcing
the rules, it is less likely that individuals would
devel op/ maintain the habit of bending them Therefore, by
definition, if a Routine Violation is uncovered, one nust | ook
at the supervisory chain to identify the individuals that are
condoning the violations (see Table 1).

(2) Exceptional. Unlike Routine Violations,
Exceptional Violations appear as isolated departures from
authority, not necessarily indicative of an individual's
typi cal behavior pattern or condoned by managenent. For
exanple, an inpronptu air show or 'flathatting' is considered
an Exceptional Violation. It is inportant to note that while
nost Exceptional Violations are heinous, they are not
consi dered 'exceptional' because of their extrene nature but

o7
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Tabl e 2.

Sel ect Exanpl es of Preconditions for Unsafe Acts

SUBSTANDARD CONDI TI ONS

Adverse Mental States
Channel i zed Attention
Conpl acency

D straction

Life Stress

Loss of Situational
Ment al Fatigue

Task Fi xation

Haste to Get Home

M spl aced Motivation

Adver se Physi ol ogical States

Awar eness

SUBSTANDARD PRACTI CES

Crew Resource Managenent

Fail ed to Back-up

Fai |l ed to Conmmuni cat e/ Coor di nat e

Fail ed to Conduct Adequate Bri ef

Failed to Use Al Avail able
Resour ces

Fai l ure of Leadership

Msinterpretation of Traffic
Calls

Trans-cockpit Authority G adient

Per sonal Readi ness

G I nduced Loss of
Consci ousness

Physi ol ogi cal |ncapacitation
Physi cal Fati gue

Spatial Disorientation

Vi sual 111l usions

Medi cal 111l ness

Physi cal /Mental Limtation
I nsufficient Reaction Tine
Visual Limtation

| nconpati bl e Physi cal
Capabi lity

| nconpati bl e

Intelligencel/ Aptitude

Excessi ve Physi cal
Sel f - Medi cati ng
Vi ol ati on of Crew Rest
Requi r enent
Violation of Bottle-to-Brief Rule

Trai ni ng

r at her

because they are neither typical

of the individual nor

condoned by authority (see Table 1).

2. Precondi ti ons for

Ar guabl vy,

Unsafe Acts

the Unsafe Acts of operators can be directly
linked to the majority of Naval

Avi ati on m shaps. However,

sinply focusing on Unsafe Acts is |like focusing on a synptom

wi t hout understandi ng the underlying cause(s).
i nvestigators nust di g deeper

place. As a first step,
Precondi tions for
categories (see Figure 3).

Adver se Physi ol ogi cal
as wel |

St at es,

o8

Specifically,
Subst andard Conditions of Operators (Adverse Mental
& Physi cal / Ment al
as the Substandard Practices of Operators (Crew
Resour ce Managenent & Personal

As such,

into why an unsafe act took
there are two maj or forms of
Unsafe Acts,

each with their specific causal
they include the

St at es,
Limtations)

Readi ness) .
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a. Substandard Conditions of QOperators

(1) Adverse Mental States. Being prepared nentally is
critical in nearly every endeavor, perhaps nore so in
aviation. As such, the category of Adverse Mental States
takes into account those nental conditions that affect
performance. Principle anong these is the |oss of situational
awar eness, task fixation, distraction, and nental fatigue due
to sleep loss or other stressors. Also included in this
category are personality traits and attitudes such as
over confi dence, conpl acency, and m splaced notivation. For
exanple, if an individual is nmentally tired, for whatever
reason, the likelihood that an error will occur increases.

Li kew se, overconfidence, conplacency, etc. wll influence the
| i keli hood that a violation will be comritted (see Table 2).

(2) Adverse Physiological States. Medical or
physi ol ogi cal conditions that preclude safe operations are
referred to as Adverse Physiol ogical States. Particularly
i nportant to Naval Aviation are conditions such as spatia
di sorientation, visual illusions, Ginduced |oss of
consci ousness (G LOC), hypoxia, physical fatigue, and the
nyri ad of pharnmacol ogi cal and nedi cal abnormalities known to
affect performance. |If, for exanple, an individual were
suffering froma mddle-ear infection, the |ikelihood of
spatial disorientation occurring when entering instrunment
condi ti ons goes up markedly. Consequently, the nedica
condi tion nust be addressed within the causal chain of events
(see Table 2).

(3) Physical/Mental Limtations. Instances when the
m ssion requirenments exceed the capabilities of the individual
at the controls are denoted as Physical/Mental Limtations.
They can take many forns. At night, for exanple, our visual
systemis limted by the capability of the sensors in our eyes
and hence vision is severely degraded. Yet, operators do not
necessarily slow down or take additional precautions. In
aviation, this often results in not seeing other aircraft,
obstacl es, or power lines due to the size or contrast of the
object in the visual field. Simlarly, there are occasions
when the task conpletion tinme or maneuver exceeds human
capacity. It is well docunented that if individuals are
required to respond quickly the probability of making an error
goes up markedly.

There are two ot her instances of Physical/Mental
Limtations that are often overl ooked in nost mi shap

o9
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i nvestigations and invol ve individuals who sinply are not
conpatible with aviation. For exanple, sone individuals do
not have the physical strength to operate in high-G
environnments or for anthroponetric reasons sinply have
difficulty reaching the controls. 1In other words, cockpits
have not traditionally been designed with all shapes, sizes,
and physical abilities in mnd. Likew se, not everyone has
the mental ability or aptitude for flying aircraft. The
chal l enge is identifying whether physical or nental
limtations played a role in a m shap event (see Table 2).

b. Substandard Practices of Operators

(1) Crew Resource Managenent. COccurrences of poor
coordi nati on anong aircrew and ot her personnel associated with
the safe conduct of the flight falls under Crew Resource
Managenment (CRM). This includes coordination within and
between aircraft, ATC, and mai ntenance control, as well as
facility and other support personnel. Anywhere conmuni cation
bet ween individuals is required, the potential for
m sconmmuni cation, or sinply poor resource nmanagenent, exists.
However, CRM does not stop with the aircrewin flight. It
al so includes communicating before and after the flight (i.e.,
pre-flight brief, post-flight debrief). The conscientious
I nvesti gator nust always | ook for potential poor CRM practices
(see Table 2).

(2) Personal Readiness. |In aviation, or for that
matter in any occupational setting, individuals are expected
to show up for work ready to performat optimal |evels. For
Naval Avi ation, however, Personal Readi ness Failures (see
Tabl e 2) occur when individuals fail to properly prepare
physically or nentally for flight. For instance, violations
of crew rest requirenents, bottle-to-brief rules, and self-
medicating all will affect performance in the aircraft. It is
not hard to i magi ne that when an aircrew nenber violates crew

UNSAFE
SUPERVI S| ON

|
' " S0 16 '
Pl anned ai )
X Super vi sor
; niﬂiﬁiﬁiﬁ] | nappropri ate Correct a \ﬂﬁﬂ ationg
up Oper at i ons Known Probl enr

Figure 4. Categories of Unsafe Supervision
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rest requirenents, that individual runs the risk of nenta

fati gue and ot her adverse nental states. (Note that
violations that effect personal readi ness are not considered
"unsafe acts, violation" since they typically do not happen in
the cockpit, nor are they active failures with direct and

i mmedi at e consequences)

Still, not all Personal Readiness failures occur as a
result of violations of rules. For exanple, running 10 mles
before a flight may not be against any existing regul ations,
yet it may inpair an individual's physical and nental
capabilities so as to degrade performance and elicit Unsafe
Acts. Also, an aviator's traditional "candy bar and Coke"
| unch may sound good, but nay not be sufficient to sustain
performance. Even crammi ng for a NATOPS exam may
significantly inpair sleep and consequently performance the
next day in the cockpit. Wile there may be no rul es
governi ng such behaviors, aircrew nust be their own best judge
and objectively assess their Personal Readi ness before manning
an aircraft.

3. Unsafe Supervision

The Naval Safety Center has determ ned that a m shap event
can often be traced back to the supervisory chain of conmand.
As such, there are four nmmjor categories of Unsafe
Supervi sion: | nadequate Supervision, Planned | nappropriate
Qperations, Failed to Correct a Known Problem and Supervisory
Violations (see Figure 4).

a. |lnadequate Supervision. The role of supervisors are
to provide their troops with the opportunity to succeed. To

Table 3. Sel ect Exanpl es of Unsafe Supervision

| nadequat e Supervi si on Failed to Correct a Known Probl em

Fail ed to Provi de Qui dance Failed to Correct/Docunent an

Fail ed to Provide Oversi ght Error

Fail ed to Provide Training Failed to Identify an At-Ri sk

Failed to Track Qualifications Avi at or

Failed to Track Performance Failed to Initiate Corrective
Acti on

Pl anned | nappropriate Operations | Failed to Report Unsafe Tendencies
Failed to Provide Correct Data

| mproper Manni ng Supervi sory Vi ol ati ons

M ssion Not AWw th Aut hori zed Unnecessary Hazard
NATOPS/ Regs/ SOP Fai |l ed to Enforce NATOPS/ Regs/ SOP
Perm tted Unnecessary Hazard Failed to Enforce T&R Manua

Provi ded | nadequate Qpportunity | Authorized Unqualified Crew for
for Oew Rest Fl i ght

o 11
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do this, supervisors, no natter what |evel they operate at,
must provi de gui dance, training opportunities, |eadership,
notivation, and the proper role nodel. Unfortunately, this is
not always the case. It is not difficult to inmgine a
situation where adequate CRM training was not provided to an
aircrew nenber. Conceivably, the aircrew s coordination
skills woul d be conprom sed, and if put into an adverse
situation (e.g., energency), they would be at risk for errors
and potentially a mshap. Therefore, the category |nadequate
Supervi sion accounts for those tines when supervision proves
| nappropriate, inproper, or may not occur at all (see
Tabl e( 3).

b. Planned | nappropriate Operati ons. Cccasionally, the
operational tenpo or schedule is planned such that individuals
are put at unacceptable risk, crewrest is jeopardized, and
ultimately performance is adversely affected. Such Pl anned
| nappropri ate Operations, though arguably unavoi dabl e during
energency situations, are not acceptable during norna
operations. Included in this category are issues of crew
pai ring and i nproper manning. For exanple, it is not
surprising to anyone that when two individuals wth marginal
skills are paired together, problens can arise. During a
period of downsi zing and/or increased |evels of operational
commtnment, it is often nore difficult to manage crews.
However, pairing weak or inexperienced aircrew together on the
nost difficult mssions may not be prudent (see Table 3).

ORGANIZATIONAL
INFLUENCES

Resour ce Organizational Organizational
M anagement Climate Processes

Figure 5. Categories of Organizational |Influences

c. Failed to Correct a Known Problem Failed to Correct a
Known Problem refers to those instances when deficiencies anong
i ndi vi dual s, equipnment, training or other related safety areas
are "known" to the supervisor, yet are allowed to continue
uncorrected. For exanple, the failure to consistently correct

O 12
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or discipline inappropriate behavior certainly fosters an

unsaf e at nospher e,

d. Supervisory Violations.

t he ot her hand,

and poor command climte (see Table 3).

Supervi sory Viol ations, on
are reserved for those instances when existing

rules and regulations are willfully disregarded by

supervisors. For

i nst ance,

permtting an individual

to

operate an aircraft without current qualifications is a

flagrant violation that

i nvariably sets the stage for the

tragi c sequence of events that predictably follow (see Table

3).

4. Organi zati onal

Fal | i bl e deci sions of upper-I|evel
ef fect supervisory practices,
actions of operators.
I nvol ve issues related to Resource Managenent,
and Oper ati onal

Clinmte,

a. Resource Managenent .

| nfl uences

as wel |

managenent directly
as the conditions and

These | atent conditions generally

Thi s category

managenent ,
r esour ces- - human
term' human'

i ncl ude sel ection (including background checks),
" Monet ary'’
of nonhuman resources,

st af fi ng/ manni ng.

exanpl e,

al |l ocati on,
nonet ary,

Or gani zat i onal

Processes (see Figure 5).

refers to the

and mai nt enance of organi zati onal
and equi prment/facilities.
refers to the managenent of operators,
mai nt enance personnel .

The

staff, and

I ssues that directly influence safety

equi pnent have adverse effects on operator

t rai ni ng, and

i ssues refer to the managenent
primarily nonetary resources.
excessive cost cutting and [ ack of funding for

For
pr oper

per for mance and

safety. Finally, 'equipnent/facilities' refers to issues

Table 4. Select Exanples of O ganizational Influences
RESOURCE/ ACQUI ST TI ON ORGANI ZATI ONAL CLI NATE ORGANI ZATI ONAL PROCESSES
Human Resour ces Structure @er ations

Sel ection
St af fi ng/ Manni ng
Trai ni ng

Monet ar y/ Budget Resour ces

Excessive Cost Cutting
Lack of Funding

Equi pnent/Facility
Resour ces

Poor Design

Pur chasi ng of Unsuitable
Equi prment

Chai n- of - Command

Del egation of Authority
Communi cati on Channel s
Formal Accountability

Pol i ci es
Hring and Firing
Pronot i on

Culture

Nor ns and Rul es

Val ues and Beliefs
Organi zati onal Justice

Qperati onal Tenpo

Ti me Pressure
Producti on Quotas

I ncentives
Measur erment / Appr ai sal
Schedul es

Defi ci ent Pl anni ng

Pr ocedur es

St andar ds
Docunent ati on
I nstructions

Qver si ght
Ri sk Management
Saf ety Prograns
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rel ated to equi pnent design, including the purchasing of
unsui t abl e equi pnent, inadequate design of work spaces, and
failures to correct known design flaws. Mnagenent shoul d
ensure that human-factors engi neering principles are known and
utilized and that specifications for equi pnent and wor kspace
design are identified and net (see Table 4).

b. Oganizational dimte. Oganizational Cimate refers
to a broad class of organizational variables that influence
wor ker performance. It can be defined as the situational
consi stencies in the organi zation's treatnment of i ndividuals.
In general, Organizational Clinmate is the prevailing
at nrosphere or environnent within the organization. Wthin the
present classification system climte is broken down into
three categories--structure, policies, and culture. The term
"structure' refers to the fornmal conmponent of the
organi zation. The 'form and shape' of an organi zation are
reflected in the chain-of -conmand, del egation of authority and
responsi bility, comunication channels, and formal
accountability for actions. Oganizations with mal adaptive
structures (i.e., do not optimally match to their operationa
environnment or are unwilling to change) will be nore prone to
m shaps. 'Policies' refer to a course or nethod of action
that gui des present and future decisions. Policies nmay refer
to hiring and firing, pronotion, retention, raises, sick
| eave, drugs and al cohol, overtine, accident investigations,
use of safety equi pnent, etc. Wen these policies are ill
defined, adversarial, or conflicting, safety may be reduced.
Finally, 'culture' refers to unspoken or unofficial rules,
val ues, attitudes, beliefs, and custons of an organi zation
("The way things really get done around here.”). Qher issues
related to culture include organizational justice,
psychol ogi cal contracts, organi zational citizenship behavior,
esprit de corps, and uni on/ managenent relations. Al these
i ssues affect attitudes about safety and the value of a safe
wor ki ng environnment (see Table 4).

c. Oganizational Processes. This category refers to the
formal process by which "things get done' in the organization.
It is subdivided into three broad categories--operations,
procedures, and oversight. The term'operations' refers to
the characteristics or conditions of work that have been
establ i shed by nmanagenent. These characteristics included
operational tenpo, tine pressures, production quotas,

i ncentive systens, schedules, etc. Wen set up
i nappropriately, these working conditions can be detrinental
to safety. 'Procedures' are the official or formal procedures
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M anagement Conditions

MRi nt ai ner Ver ki ng
Condi ti ons Condi ti ons
Mai nt ai ner

Act's —

v

Mai nt enance

Condi tions
Aircrew ‘(””” l
<«

Actions

MISHAP

Figure 6. The HFACS - Mi ntenance - Extension (HFACS-ME)

as to howthe job is to be done. Exanples include performance
standards, objectives, docunentation, instructions about
procedures, etc. Al of these, if inadequate, can negatively
| npact enpl oyee supervision, performance, and safety.

Finally, '"oversight' refers to nonitoring and checki ng of
resources, climte, and processes to ensure a safe and
productive work environnment. |ssues here relate to

organi zati onal self-study, risk managenent, and the
establ i shnment and use of safety prograns (see Table 4).

C. HFACS -- MAI NTENANCE EXTENSI ON

HFACS has been adapted to capture nmai ntenance human
factors. Terned the "Maintenance Extension" (HFACS-ME), it
facilitates the recognition of absent or defective defenses at
four levels, including, Unsafe: Managenment Conditions
(Organi zational & Supervisory), Maintainer Conditions, Wrking
Condi ti ons, and Maintainer Acts (see Figure 6). This
framework can be used to identify targets for intervention.
HFACS- ME cl early addresses Marx's (1998) valid concern that

O 15



OPNAVI NST 3750. 6R
1 Mar 01

Table 5. HFACS- ME Taxonony

First Order Second Order Third Order
| nadequat e Processes
I nadequat e Docunent ati on
| nadequat e Desi gn
Nhnageﬁent I nadequat e Resources
Condi ti ons I nadequat e Supervi si on
| nappropriate Operations
Uncorrected Problem
Supervi sory M sconduct
Adverse Mental State
Medi cal Adver se Physical State
Unsafe Limtation
I nadequat e Communi cati on
| nadequat e Assertiveness

Or gani zati onal

Supervi sory

Crew Coordi nati on

Mai nt ai ner | nadequat e
Condi ti ons Adaptability/Flexibility
I nadequat e Trai ni ng/ Preparation
I nadequat e
Readi ness Certification/Qualification

Per sonnel Readi ness
I nfringenment
| nadequat e Li ghti ng/Li ght
Envi r onnent Unsaf e Weat her/ Exposure
Unsaf e Environmental Hazards
. Danaged/ Unser vi ced
Cgﬁg”?sgis Equi pnent Unavai | abl e/ | nappropri ate
Dat ed/ Uncertified
Confi ni ng
Wor kspace Cbstruct ed
I naccessi bl e
Attention/ Menory
Know edge/ Rul e
Ski | I/ Techni que
Judgnent / Deci si on
Rout i ne
I nfraction
Excepti ona
FI agr ant

Error

Mai nt ai ner Acts

Vi ol ati on

human error has been "under -served” by traditional naintenance
error anal ysis systens.

Unsaf e Managenent, Maintainer, and Wrking Conditions are

| at ent conditions that can inpact a maintainer's perfornmance
and lead to an Unsafe Mintainer Act, an active failure. An
Unsafe Maintainer Act may directly cause a mshap or injury
(e.g., a maintainer runs a forklift into the side of an
aircraft and damages it). It could also cause an Unsafe

Mai nt enance Condition, which the aircrew woul d have to deal
with on take-off, in-flight, or on landing (e.g., an over-
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Table 6. Select Exanpl es of Unsafe Managenment Conditions
ORGANI ZATI ONAL SUPERVI SORY
| nadequat e Processes | nadequat e Super vi si on
Task Conpl ex/ Conf usi ng Task Pl anni ng/ Organi zati on
Procedures | nconpl ete Task Del egati on/ Assi gnnent
Non- Exi sti ng Procedures Anount of Supervi sion
| nadequat e Docunent ati on | nappropriate Qperations
Not Under st andabl e I nformati on Not Used
I nf or mati on Unavai | abl e Unreal i stic Expectations
Conflicting Information | mproper Task Prioritization
| nadequat e Desi gn Uncorrected Probl em
Poor Layout/ Confi guration Manual Not Updat ed
Poor/ No Accessibility Parts/ Tool Incorrectly Label ed
Easy to Incorrectly Install Known Hazards Not Controlled
| nadequat e Resour ces Supervi sory M sconduct
Parts Unavail abl e Pol i cy/ Procedures Not Fol | owed
Manni ng Shortfall Pol i cy/ Procedures Not Enforced
Fundi ng Constr ai nt Assi gned Unqualified Mintainer

torqued hydraulics line that fails in flight causing a fire or
an i nproperly rigged | anding gear that coll apses on
touchdown). Finally, it is inportant to note that Unsafe
Managenent Conditions related to design for maintainability,
prescri bed nmai ntenance procedures, and/ or standard mai ntenance
operations can be inadequate and | ead to Unsafe Mi nt enance
Condi tions. Each major conmponent of HFACS-ME has three orders
that reflect a shift froma macro to a mcro perspective (see
Tabl e 5).

For the nost part HFACS-ME is used nuch the same way for
mai nt enance factors as HFACS is for aircrew factors. For
exanpl e, a supervisor who fails to correct a nmintai ner who
routinely bends the rules while perform ng maintenance woul d
be considered an Unsafe Managenent Supervisory Condition,
failure to correct a known problem Simlarly, a maintainer
who has a marital problem and cannot focus on a nai ntenance
operation has fallen prey to an Unsafe Mintainer Medi cal
Condition (Adverse Mental State). Further, a nmintainer who
must work in a heavy rain could experience difficulty due to
an Unsafe Wbrking Environnmental Condition (Unsafe
Weat her/ Exposure). Utimately these conditions could lead to
Unsaf e Mai ntenance Acts such as reversing a step in a
procedure (Attention/Menory Error) as well as not using the
prescri bed manual (Routine Violation). The follow ng
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Table 7. Select Examples of Unsafe Maintainer Conditions

MEDICAL

Adverse Mental State

CREW COORDINATION

Inadeqguate Communication

Peer Pressure
Complacency
Life Stress

Adverse Physical State

Non Standard Hand Signals
Inappropriate Log Entry
Inadequate Shift Passdown

Inadequate Assertiveness

Health/lliness
Fatigue
Circadian Rhythm

Unsafe Limitation
Body Size/Strength
Eye Sight/Hearing
Reach/View

Peer Pressure
Rank Gradient
New to Group

Inadequate Adaptability/Flexibility

READINESS

Inadequate Training/Preparation
New/Changed Task

Inadequate Skills

Inadequate Knowledge

Inadequate Certification/Qualification
Not Certified for Task

Incomplete PQS

Not Licensed to Operate

Personnel Readiness Infringement

Non-adherence to Change
Different from Similar Tasks
Disregard of Constraint

Self-Medication
Alcohol Use
Crew Rest

par agraphs provide a brief

conmponents of the HFACS-ME taxonony.

Unsaf e Managenent Conditions

illustration of the four

maj or

Managenment Conditions that contribute to active failures

consi sts of both Organi zati onal

Exanpl es of Organi zati onal
omts a step calling for an o-ring to be installed
publ i cati on does not specify

Tabl e 6).
a manual

(I nadequat e Processes);
torque requirenents (Inadequate Docunentation);
prohibits direct view ng during inspection (lnadequate
and a shortage of tools |leads to using what is

i mredi ately avail abl e (I nadequat e Resources).
Supervi sory Managenent Conditions include:
requi red protective gear
an engi ne change is perforned despite a high sea

| ayout
Desi gn);

ensure that
Super vi si on) ;

per sonnel

a technica

wear

and Supervisory factors (see
Managenent Conditions are:

a poor

Exanpl es of
a commander
(I nadequat e

state without considerina the risks (lnappropriate Operations);

Table 8. Select Examples of Unsafe Working Conditions

ENVRIONMENT

EQUIPMENT

Inadequate Lighting/Light
Inadequate Natural Light
Inadequate Artificial Lighting
Dusk/Nighttime

Unsafe Weather/Exposure
Temperature

Precipitation

Wind

Unsafe Environmental Hazards

Damaged/Unserviced

Unsafe/Hazardous
Unreliable/Faulty
Inoperable/Uncontrollable

Unavailabl e/l nappropriate
Unavailablefor Use
Inappropriate for Task
Power Sources Inadequate

Dated/Uncertified

High Noise Levels
Housekeeping/Cleanliness
Hazardous/Toxic Substances

Unreliable/Faulty
Inoperable/Uncontrollable
Miscalibrated

WORKSPACE

Confining

Constrained Tool Use
Constrained Equipment Use
Constrained Position

Obstructed

Not Visible

Not Directly Visible
Partially Visible

Inaccessible

Totally Inaccessible
Not Directly Accessible
Partially Accessible
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a supervi sor does not correct cutting corners in a procedure
(Uncorrected Problem; and a supervisor orders personnel to wash
an aircraft without training (Supervisory M sconduct).

Unsaf e Mi ntai ner Conditions

Mai ntai ner Conditions that |lead to active failures consists
of Medical, Crew Coordination, and Readi ness factors (see Table
7). Exanples of Maintainer Medical Conditions are: a maintainer
with life stress has inpaired concentration (Adverse Menta
State); a maintainer is fatigued fromworking 20 hours straight
(Adverse Physical State); and a short naintainer cannot visually
i nspect an aircraft conponent (Unsafe Limtation). Exanples of
Mai nt ai ner Crew Coordi nati on conditions include: a maintainer
usi ng i nproper hand signals (Inadequate Conmunication); a
mai nt ai ner signs off an inspection due to perceived pressure
(I nadequat e Assertiveness); a naintainer downplays a discrepancy
to meet the flight schedul e (Inadequate Adaptability/
Flexibility). Exanples of Maintainer Readi ness Conditions

Table 9. Select Examples of Unsafe Maintainer Acts

ERROR VIOLATION

Attention/Memory Routine(if norm)/Infraction (if isolated)
Omitted Procedural Step Inappropriate ToolEquipment
Distraction/Interruption Procedures Skipped/Reordered

Failed to Recognize Condition Did Not Use Publication
Knowledge/Rule Based Exceptional (if minor)/Flagrant(if blatant)
Inadequate Task Knowledge Gundecking Qualifications

Inadequate Process Knowledge Not Using Required Equipment
Inadequate Aircraft Knowledge Signed-off Without Inspection
Skill/Technique Based

Poor Technique

Inadequate Skills

Inappropriate Technique

Judgment/DecisionMaking
Exceeded Ability
Migudged/Misperceived
Misdiagnosed Situation

enconpass: a maintainer working on an aircraft skipped a
requi site training evolution (lnadequate

Trai ni ng/ Preparation); a maintainer engages in a procedure
they have not been qualified to perform (I nadequate
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Certification/Qualification), and a naintainer is intoxicated on
the job (Personnel Readi ness Infringenent).

Unsaf e Worki ng Conditions

Wor ki ng Conditions that can precipitate active failures
consi sts of Environnent, Equi pnent, and Workspace factors (see
Tabl e 8). Exanples of Environnment Working Conditions are: a
mai nt ai ner working at night without artificial lighting
(I nadequat e Lighting/Light); a maintainer securing an aircraft
in adriving rain inproperly chocks a wheel (Unsafe
Weat her/ Exposure); and a maintainer slips on a pitching deck
(Unsaf e Environnental Hazard). Exanples of Equi pnent Wbr ki ng
Conditions include: a naintainer uses a faulty test set
(Damaged/ Unservi ced); a maintai ner does not use a jack because
all are in use (Unavail abl e/l nappropriate); a maintainer uses an
out of date nmanual (Dated/Uncertified). Exanples of Wrkspace
Wor ki ng Condi ti ons enconpass: a maintainer in a fuel cell cannot
reach a conponent (Confining); a maintainer's viewin spotting
an aircraft is obscured by catapult steam (Cbstructed); and a
mai ntainer is unable to performa corrosion inspection that is
beyond his reach (Inaccessible).

Unsaf e Mai ntai ner Acts

Mai nt ai ner Acts are active failures which directly or
indirectly cause m shaps, or lead to a Latent Mai ntenance
Condition that an aircrew would have to respond to during a
gi ven phase of flight. Unsafe Miintainer Acts include Errors
and Violations (see Table 9). Exanples of Errors in Maintainer
Acts include: a maintainer msses a hand signal
(Attention/Menory); a maintainer inflates a tire using a
pressure required by a different aircraft (Know edge/Rule); a
mai nt ai ner roughly handl es a delicate engine val ve causing
damage (Skill/Technique); and a maintai ner m sjudges the
di stance between a tow tractor and an aircraft w ng
(Judgnent / Deci si on-Maki ng). Exanples of Violations in
Mai nt ai ner Acts include: a maintainer engages in practices,
condoned by managenent, that bend the rules (Routine); a
mai ntai ner elects to stray from accepted procedures to save
time, bending a rule (Infraction); a maintainer, due to
perceived pressure, onts an inspection and signs off an
aircraft (Exceptional); and a maintainer willfully breaks
standi ng rul es disregardi ng the consequences (Fl agrant).
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